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Zakrasevanje v sedimentacijskem ba�enu Cuddapah, južna 
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Sedimentacijski bazen Cuddapah obsega pomemben del 
južnega dela indijske države Andhra Pradesh. Proterozoj-
ske karbonate sestavljajo tri glavne enote, Vempalle dolo-
mit ter Narji in Koilkuntla apnenci. Ti karbonati so lokalno 
pomembni, saj predstavljajo glavni vodni vir za namakanje in 
gospodinjstva ter pomemben vir gradbenih materialov. Pozna-
vanje stopnje zakraselosti karbonatov je lahko pomembno pri 
upravljanju vodnih virov in inženirskih posegih na območju. 
Terenske raziskave so pokazale veliko zakraselost omenjenih 
karbonatov; pomemben del napajanja vodonosnikov poteka 
točkovno, skozi ponore, pretakanje pa se vrši v dobro razviti 
mreži kraških kanalov. Glavna faza razvoja krasa je verjetno 
potekala v preteklih, bolj vlažnih obdobjih. Procesi zakraseva-
nja v današnji polsušni klimi so posebej intenzivni na območju, 
kjer se na kras steka voda iz kvarcitnega zaledja. Zakraselost 
karbonatov bo treba upoštevati pri upravljanju območja in 
bodočih razvojnih projektih. Le na ta način se bomo lahko 
izognili težavam, kot so puščanje iz jezov, udiranje, napačna 
ocena vodnih zalog in podobno.
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Abstract UDC  551.435.8:556.33(540)
Farooq Ahmad Dar, Jerome Perrin, Jean Riotte, Herbert Da-
niel Gebauer, Allu Chinna Narayana & Shakeel Ahmed: Kar-
stification in the Cuddapah Sedimentary Basin, Southern In-
dia: Implications for Groundwater Resources
The Cuddapah sedimentary basin extends over a significant 
part of the southern part of Andhra Pradesh State, Southern 
India. Proterozoic carbonate rocks in the basin are constituted 
by as three main units- the Vempalle dolomite, the Narji and 
Koilkuntla limestones. These carbonate rocks are of strategic im-
portance for local communities as they provide the main water 
source for irrigation and domestic use and they are also inten-
sively quarried for cement production and building stones. It is 
therefore, of primary importance to assess to which extent these 
carbonate units are karstified so as to provide recommendations 
for appropriate land and water resource management. The field 
investigations carried out indicate that these carbonate units 
are significantly karstified and karstification has been an ongo-
ing process with several phases under variable climatic condi-
tions. As a result, a significant part of aquifer recharge occurs as 
point-recharge through swallow-holes and groundwater flow is 
channelized by conduit networks which emerge at karst springs. 
Karst development was possibly more active during past humid 
conditions; however karstification is still an ongoing process 
under the present semi-arid climate especially in the favorable 
case where karst drains the runoff issued from upstream quartz-
itic hills. The karstic nature of these carbonate units need to be 
integrated in future research and development programmes to 
avoid practices that may lead to unexpected collapses, reservoir 
leaks, inaccurate groundwater budgeting, etc.
Keywords: karst, karst aquifer, cave, semi-arid, groundwater 
resource, India.
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Karst regions, representing about 15% of the continen-
tal landmass are widespread across the globe and present 
unique geomorphological characteristics which have 
specific consequences on land and water resources man-
agement (e.g. Ford & williams 2007). In India, karstified 
carbonate rocks are distributed across the country in dif-
ferent geomorphological, geological and climatic contexts 
(Himalayan region, North-eastern hills, and sedimentary 
basins in peninsular India, etc.). Regionally, these karstic 
zones play a vital role for the society both as a primary 
water supply and in economic terms (water resource for 
irrigated agriculture, quarrying for construction and ce-
ment production).
There are only a few studies on the characteristics 
and the role of karst in Indian carbonate terrains, and 
these publications mostly focus on groundwater resourc-
es (e.g. Coward et al. 1972; Murty 1981; Shibasaki et al. 
1985; Sing 1985; Chandra et al. 1987; Venkatanarayana & 
Rao 1989; Venkatanarayana et al. 1999; Singh & Dubey 
2001; Dubey et al. 2006; Jeelani 2008).
The description of karst features and the under-
standing of karstification processes are important for an 
adequate land and water resource management because 
specific problems are known to occur in karst regions 
such as ground subsidence, sinkhole collapse, ground-
water contamination and unpredictable water supply.
The present study aims at characterising the karsti-
fication of the main carbonate units situated within the 
Cuddapah sedimentary basin, southern Andhra Pradesh 
(Fig. 1), proposing a model of karstification, and evalu-
ating the role of karstification on the groundwater re-
source.
INTRODUCTION
STUDy AREA
The study area (Fig. 1) forms a part of the Cuddapah 
Basin of Proterozoic age. It lies in a semi-arid region 
with long hot dry summers with day temperature reach-
ing 45 oC and a well-defined monsoon season where 
most rainfall occurs as high intensity events. This study 
therefore, complements other karst studies in similar 
climatic realms which are still outnumbered (Jennings 
1983).
GEOLOGICAL SETTING
The crescent shaped Cuddapah sedimentary basin is sit-
uated in the eastern part of the Dharwar Craton in the 
southern Andhra Pradesh, India (Fig. 1). Spreading over 
an area of about 44,500 km2, it is one of the extensive 
sedimentary basins of southern India (Narayanaswami 
1966; Qureshi et al. 1968; King 1872; Crawford et al. 
1973; Dutt 1975; Kailasam 1976; Murthy 1981; Kaila et al. 
1985; Kale 1991; Ramam et al. 1997; Kasipathi et al. 2008; 
Raju 2009). The basin convexes towards west and extends 
for a length of about 400 km in north–south direction 
with a maximum width of 145 km in the middle.
The centre of the Cuddapah basin between At-
makur and Cuddapah is a broad flat plain drained by 
the Kundair and Pennar Rivers with a few scattered hills 
(e.g. mesa, butte) (Fig. 1). The plain descends from an 
elevation of 260 m at Atmakur to 130 m near Cuddapah. 
The plain is bounded on the west by flat topped Errama-
la Hills and the plateaus of Uppalapadu and Gandikota 
which slope gently easterly towards the plain. In the east, 
the Nallamala range defines steep N–S trending rugged 
parallel ridges.
Sedimentary units of different rock assemblage are 
divided into two groups: Cuddapah and Kurnool groups 
of Proterozoic age separated by an unconformity (Mei-
jerink et al. 1984) (Fig. 2).
The Archean aged peninsular gneissic complex 
constitutes the basement. The Cuddapah Supergroup is 
composed predominantly of arenaceous and argillaceous 
sequences with subordinate calcareous sediments, while 
the Kurnool Group has a more carbonate-rich geol-
ogy. The lower Cuddapahs represents a cyclic repetition 
of quartzite-shale sequence while the Kurnool group 
shows two quartzite-limestone-shale sequences (Ramam 
et al. 1997). There was contemporaneous igneous activ-
ity manifested as sills, flows and other intrusive rocks 
in older sequences (Crawford et al. 1973; Ramam et al. 
1997; Anand et al. 2003). The provenance of sediments 
was west and southwest (Pascoe 1950; King 1872). The 
shallow sub-marine shelf environment prevailed during 
the sedimentation of the basin (Shibasaki et al. 1985), 
whose depocenter was successively migrating towards 
east (Singh & Mishra 2002).
The stratigraphy of the basin has been discussed 
by various geologists (Narayanaswami 1966; Sen & 
Narsimha 1968; King 1872; Kaila et al. 1979; Ramam 
et al. 1997; Geological Survey of India (GSI) 1997). The 
younger Kurnool Group was deposited unconformably 
over the older Cuddapah Supergroup (Fig. 2). The Cud-
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Fig. 1: geological map of the Cuddapah sedimentary basin (modified from gSi 1997) and its location in the southern indian peninsula. 
The location of caves (C) and springs (S) is also given.
dapah Supergroup has comparatively steeper dips than 
the easterly dipping Kurnool Group (Fig. 3). The general 
thickness of the whole sedimentary sequence is of the 
order of 6,000–12,000 m. The Kurnool System is thin, 
with maximum thickness of 370 m but it is superficially 
very extensive (Fig. 1).
The main carbonate rocks of the basin are the 
Vempalle Formation of the Cuddapah Supergroup and 
the Narji and Koilkuntla Formations of the Kurnool 
Group. Of the total area of the basin (44,500 km2), 17% 
(i.e. 7,690 km2) shows the exposure of these potentially-
karstified rocks. The areal extent of Vempalle, Narji and 
Koilkuntla Formations is 1,830, 4,333 and 1527 km2 re-
spectively.
Vempalle Formation
The conglomeratic quartzite of Gulcheru Formation 
is conformably overlain by the thick Vempalle Forma-
tion constituted predominantly of dolomite (Fig. 2). The 
contact is gradational from quartzite to flaggy quartzite 
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to dolomite, with minor argillaceous sediments (Roy 
1947; Anand et al. 2003). The lower part of the Vempalle 
sequence comprises of purple shale with interbedded 
layers of dolomite, succeeded by grey, greenish or brown 
dolomite with interbedded laminae of purple shale and 
beds of chert and intraformational conglomerates, which 
in turn is overlain by a purple and buff shale with thin 
dolomite layers and chert beds (Dutt 1962). The thick-
ness of the Vempalle Formation varies from 1,250 to 
1,900 m (Roy 1947; Jhanwar et al. 1964). It is the only 
stratigraphic unit in the Cuddapah sequence that con-
tains a sequence of intrusive trap sills and pillow type 
lava flows. These rocks show some stromatolitic features 
(Vaidyanathan 1961; Riding & Sharma 1998). This for-
mation is well exposed in the western part of the Cud-
dapah Basin. The rocks generally strike NNE–SSw and 
dip 15–25° towards east.
Narji Formation
The base of the Narji Formation starts with a high-
ly siliceous pink and purple shale/shaly limestone with 
thin lenticular lenses of gritty ferruginous sandstone at 
some places. It grades into bluish-grey, high-grade mas-
sive limestone. The upper part of the limestone is flaggy 
(very regular 5–10 cm beds) that is mined for flooring 
and roofing material. At places where the formation rests 
over the Cuddapahs, the basal Banganapalle conglomer-
ate of boulders and pebbles mark the transition between 
them. The lower part of the limestone shows interbed-
ded shale, quartzite and intraformational conglomerates 
in several places (Dutt 1962).
The massive limestone is extremely fine grained, 
compact and gives a metallic sound. Narji limestone 
shows a dip of 0–10° towards NE with a strike varying 
from NNw–SSE to Nw–SE. The thickness of the Narji 
Limestone is quite variable: 0–192 m (Dutt 1962), 100–
200 m (Murthy et al. 1979; Murthy 1981; Nagaraja Rao 
et al. 1987) up to 100 m thick around Kurnool (Kamal 
1974; Kamal & Vijayam 1981; Vijayam et al. 1981). A 
litholog from Kolimigundla area showed 1 m of black 
soil, 30 m of flaggy limestone, 50 m of massive lime-
stone, and a tectonic contact with Gandikota quartzite 
below. Some micro- and macro-stylolitic structures are 
also present. The rocks are overlain by the buff colored 
shale of the Owk Formation. These rocks extensively 
Fig. 2: litholog showing the succession of rock formations en-
countered in the Cuddapah sedimentary basin.
Fig. 3: geological cross-section across the Cuddapah sedimentary basin showing the location of the three karstified formations (vem-
palle, Narji, and koilkuntla) (the trace of the cross-section is indicated in Fig. 1).
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outcrop in the western part of the Kundair valley, where 
the remnants of the overlying shale and quartzite occur 
in the form of small hillocks (mesas).
Koilkuntla Formation
The Koilkuntla Limestone is light to dark grey-col-
ored, massive and flaggy in nature, overlying the Paniam 
quartzite. Extensively exposed in the Kundair valley, the 
formation spreads to the east up to the foot of the Nal-
lamala range. The flaggy beds differ from Narji by pos-
sessing imperfect, wavy planes of bedding. The lower 
part of the formation includes the intercalation of shale 
and weathers to buff platy bits. The middle part of the 
formation is more calcareous, well bedded and tough. 
Towards the top the color of the limestone changes to 
purple and pass into Nandyal shale. The thickness rang-
es from 0–90 m (Dutt 1962). The purple Nandyal Shale 
with earthy calcareous intercalations, 50–100 m thick, 
overlies the Koilkuntla limestone.
CLIMATE AND VEGETATION
The Cuddapah basin climate is semi-arid with a dry sea-
son from December to May and a monsoon season from 
June to November. Mean annual temperature is 28.0 ºC 
(minimum 17 ºC and maximum 44 ºC) and average an-
nual rainfall is 670 mm. The monthly evaporation var-
ies from 72–263 mm, with an annual total of 1,840 mm 
(Vittal et al. 2004). The aridity index is 0.36 which cor-
responds to the semi-arid class of UNEP (1992).
The main vegetation in the form of open scrub type 
jungles is scattered. Dense forests cover the Nallamala 
range. Other vegetation includes the rain-fed and irrigat-
ed crops that are mainly grown in the plains of Kundair 
valley. Major crops grown include paddy, oats, cotton, 
sunflower, groundnut and chilly. The chief economic ac-
tivities include agriculture and mineral exploitation (ce-
ment, construction slabs).
FIELD OBSERVATIONS
KARST FEATURES IN THE VEMPALLE  
DOLOMITE
In this formation a typical landscape of hills dissected 
by valleys has developed; the hills have an asymmetric 
geometry with a gentle slope that follows the dip of the 
beds (5–18º) and a steeper slope on the opposite side. The 
origin of this morphology is not clear. In the area north 
of Rayala Cheruvu, these hills are elongated along a w–E 
axis. Hill width is between 400–800 m and length be-
tween 1,000–2,000 m. Slopes on the western side is >25º, 
whereas on the eastern flank it is <10º (dip-slope). The 
hill height is between 100–150 m.
The dolomite is karstified with existence of a few 
caves of limited extension (Tab. 1). The longest cave 
is “Kuruva Bali Guha” C11 (318 m in length, 77 m in 
depth) which is also the deepest known cave in southern 
India (Gebauer 1985). This cave shows presence of in-
filtration water during the monsoon (from observations 
on the soil of the deepest part, it seems that a stream is 
meandering through the clay/silt deposits and possibly 
some water filling occurs after intense recharge, Fig. 4). 
The geological cross-section of the area (Fig. 5) shows 
that the cave ends near the bottom of the valley which 
constitutes the base level. Recharge occurs seasonally on 
the hills and feeds the fissured-karstified dolomite aqui-
fer with a water table close to the valley bottom. In the 
valleys, irrigation wells exhibit quite variable discharge 
and some wells are dry. This is typical of a highly het-
erogeneous aquifer. No karst springs are known and it is 
possible that natural discharge occurs within the alluvial 
deposits of the main valleys.
KARST FEATURES IN THE NARJI  
LIMESTONE
The Narji limestone occupies a vast planar region sur-
rounded by smooth topped hills of Gandikota quartz-
ite (mostly in the western part) and from place to 
place, by mesas of Owk shale and Paniam quartzite 
(Figs. 6 & 7).
Fig. 4: Picture taken at the bottom of kuruva Bali guha (vem-
palle dolomite) showing the phreatic shaped conduit and sedi-
ment accumulation on the floor.
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The massive limestone is well karstified and con-
tains the major caves of southern India (Tab. 1). Several 
typologies of caves could be identified: 1) network maze 
caves in the upper part of the limestone near the contact 
with Owk shale (Nila Bilam, yerra Zari Gabi caves), 2) 
dendritic/anastomotic cave patterns of phreatic origin 
(Belum cave), 3) meander cave mostly formed under 
vadose flow regime (Munagamanu cave) (Fig. 8). At the 
foot of quartzite hills, a significant number of swallow-
holes are observed and during the monsoon streams is-
sued from the hills will infiltrate within a few hundred 
meters after reaching the limestone plain (Fig. 6). These 
recharge events generates significant water level rise in 
the karstic network and activate seasonal springs. The 
hydrograph of one of these springs (Fig. 6: S1, Belum 
spring) shows a sharp reaction to the rainfall events and 
tab. 1: list of the natural caves developed in two of the three karstified formations of the Cuddapah basin (compilation of original data 
and data published in gebauer 1985, 1997, and gebauer & Abele 1983). The caves are located either on Fig. 1 or Fig. 6.
ID Cave name Longitude Latitude Length [m]
Depth 
[m] Geology Reference
Sector 
Kolimigundla
C1 Belum Guhalu 78°06'41.4'' 15°06'7.6'' 3225 -29 Narji lim. Gebauer  1983, 1985
C2 Belum Karst Spring 78°07'30.0'' 15°06'47.2'' 65 Narji lim. Gebauer 1983
C3 Chirutipuli Guha 78°06'06.7'' 15°06'19.5'' 92 -9 Narji lim. Gebauer 1983, 1985
C4 Bugga Guhalu 78°01'30.3'' 15°00'34.8'' >10 Narji lim.
C5 Nela Bilam 78°04'27.12'' 15°10'59.04'' >100 -14 Narji lim. Gebauer 1985
C6 Bandarlapalle Guha 78°04'12.2'' 14°59'37.3'' 117 -18 Narji lim.  
Sector Dhone
C7 Munagamanu Gavi 77°55'9'' 15°09'11.2'' 864 -16 Narji lim. Gebauer 1985, 1997
C8 Udagamanu Gavi 77°54'57.9'' 15°09'0'' 100  Narji lim. Gebauer 1997
C9 Panchalingalaswami Guha 77°47'10.0” 15°09'35.0” 58 -10 Vempalle dol. Gebauer 1985
C10 Langu Gavi 77°49'43.0” 15°11'39.0” 65 Narji lim. Gebauer 1997
C11 Kuruva Bali Guha 77°49'04.8'' 15°09'00.2'' 318 -77 Vempalle dol. Gebauer 1985
Sector Yaganti
C12 Yaganti caves 78°8'23.7'' 15°21'3.1'' 139  Narji lim. Gebauer 1983
C13 Yerra Zari Gabbi 77°08'11.5'' 15°20'49.9'' 684 -48 Narji lim. Gebauer 1983
Sector 
Betamcherla
C14 Bila Sorgam 78°11'7.1'' 15°26'13.1'' 700 -40 Narji lim. Gebauer 1983
C15 Sanyasula Gavi 78°10'50" 15°28'40" 234 -18 Narji lim. Gebauer 1983, 1985
C16 Kottala Guhalu 78°15' 15°25' 65 5 Narji lim. Gebauer 1983
C17 Nemmalasilla Gavi 78°09'02" 15°25'15" 35  Narji lim. Gebauer 1997
C18 Muchchatleswara Gavi 78°06'43" 15°24'35" 50 Narji lim. Gebauer 1997
C19 Boya Dari Gavi 78°08'45" 15°24'40" 40 Narji lim. Gebauer 1997
C20 Chintamanu Gavi 78°07'12" 15°24'55" 100 Narji lim. Gebauer 1997
C21 Errabadde Caves 78°09'06" 15°24'35" 60 Narji lim. Gebauer 1997
C22 Road cave 78°09'34.7" 15°26'06.7" 20 Narji lim.
C23 Jan Galu Gavi 78°09'50" 15°24'25" 40 -17 Narji lim. Gebauer 1997
C24 Krishnammakona 5 78°15' 15°31' 140  Narji lim. Gebauer 1997
Other area C25 Chillavaripalle cave 77°50'06.4" 14°36'43.7" 86 -7 Vempalle dol. Shibasaki 1985
Fig. 5: geological cross-section across the vempalle dolomite with representation of the main known cave and inferred piezometric sur-
face based on observations in the cave and existing borewells in the surroundings.
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rapid recession, typical of karst aquifers with high trans-
missivity in conduits (Fig. 9). Some depressions may 
store temporary water bodies that are used by livestock. 
It is also observed that point recharge occurs within the 
Fig. 6: geological and geomorphological map of the Narji limestone plateau in Belum area with localization of observed karst features.
Fig. 7: geological cross-section across the Narji limestone plateau, Belum area (the trace of the cross-section is indicated in Fig. 6).
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limestone away from quartzite hills (e.g. the entrance of 
Belum cave acts as sinking points after heavy rainfall); it 
means that runoff is generated within the limestone pla-
teau itself.
Seasonal streams have been observed in several 
caves: in Munugamanu cave (Figs. 5 & 8: C7), the stream 
can be followed over several hundreds of meters in a can-
yon-type vadose gallery; peak discharge should be sev-
eral l/s and flow is maintained >0.1 l/s several weeks after 
the end of the monsoon. In Bandarlapalle Guha (Fig. 6: 
C6), the stream can be followed in a phreatic conduit 
over 100 m between two sumps and has a discharge of 
several l/s during the monsoon season. Finally, in Belum 
cave (Figs. 6, 7 & 8: C1) at the end of the touristic part, 
the temporary stream can be followed in phreatic con-
duits over several hundred meters. It flows after each re-
charge event (several l/s) but dries up quite rapidly after.
Diffuse recharge seems to be limited as indicated 
by the absence of active speleothems (one exception in 
Munagamanu cave) even after rainfall events and the 
rapid decrease in spring discharges. However, epikarstic 
features are clearly observed in the massive limestone 
(Fig. 10) and they may have developed under more hu-
mid climatic conditions. This hypothesis can be sup-
ported by the relative abundance of inactive speleothems 
that are recorded in the Belum cave. These observations 
indicate that the limestone aquifer is mostly recharged 
by concentrated flow through swallow-holes and limited 
diffuse flow through the epikarst.
Discharge of the aquifer occurs through seasonal 
and perennial karst springs (Tab. 2) and it is possible 
that significant flow feeds the confined limestone aqui-
fer that develops to the East. Most springs (temporary 
as well as permanent) are observed on the western side 
of the Narji limestone plateau at or near the contact 
with the Tadipatri shale (free draining springs, Ford & 
williams 2007) (Fig. 6); on the eastern side, the Narji 
Fig. 8: Representative cave patterns that have developed in the 
Narji limestone.
Fig. 9: Belum seasonal spring hy-
drograph (S2) showing a sharp 
response to the rainfall events 
typical of a karst aquifer. in gen-
eral “no observations" correspond 
to periods when the spring was 
either dry or no data was col-
lected. For location, refer to Fig. 
1 & 6.
Fig. 10: Picture showing epikarst development in the Narji lime-
stone: karrenfields in the massive unit.
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limestone is progressively buried under younger for-
mations and this setting favors confining flow condi-
tions: only the seasonal spring of Belum (Tab. 2: S1) 
is known. It is observed that groundwater flow occurs 
tab. 2: Surveyed karst springs in the study area. minimum and maximum discharges along with average electrical conductivity (at 
25 °C) are indicated. The springs are located either on Fig. 1 or Fig. 6.
ID Spring name Longitude Latitude Geology
Discharge [l/s] Average EC Specific Discharge Reference
Min. Max. [uS/cm] [l/s/km2]
S1 Belum Spring 78°07'30.0'' 15°06'47.2'' Narji lim. - 50 674.6 - Gebauer 1983
S2 Kona Spring-K1 77°54'24.54'' 15°08'56.5'' Narji lim. 1.15 6.3 576.2 0.74 Gebauer 1985
S3 Kona Spring-K2 77°54'49.09'' 15°08'40.4'' Narji lim. 0.31 0.83 628.4 -
S4 Kona Spring-K3 77°54'26.89'' 15°09'33.47'' Narji lim. 0 5* 708* -
S5 Rati Spring 78°01'44.06'' 15°03'50.35'' Narji lim. 0 15 594 -
S6 Bugga Spring 78°01'37.61'' 15°01'05.66'' Narji lim. 0 13.8 1105 -
S7 Yaganti Spring 78°08'23.27'' 15°21'03.07'' Narji lim. 4.2 8.72 789.2 -
S8 ChintalayapalliSpring 77°56'39.29'' 15°05'43.14''
Banganapalle 
qrtz./Narji lim. ? 5.5* 485* -
S9 Kundanakota Spring 77°57'03.21'' 15°05'45.05''
Banganapalle 
qrtz./Narji lim. ? 11.5* 431* -
S10 Masanupalli  Spring 77°58'10.01'' 15°05'38.11''
Banganapalle 
qrtz./Narji lim. ? 9.4* 545* -
*data based on single value.
within the Narji limestone and the underlying Ban-
ganapalle quartzite at the base of which permanent 
and temporary springs are located (Tab. 2: S2, S8, S9 & 
S10). Springs within the limestone flow seasonally as a 
Fig. 11: Sinkhole in the Narji limestone that has opened in 2003 
probably as a consequence of increased aquifer pumping, Nossam 
area.
Fig. 12: Cross-section across the koilkuntla limestone formation (the indicated quarry is also the location of Fig. 13).
Fig. 13: karrenfield developed below the soil zone in the koilkunt-
la limestone as an indicator of epikarst development.
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DISCUSSION
Field observations of caves, karst springs, swallow-holes, 
and karrenfields clearly indicate that the three carbon-
ate formations of the Cuddapah sedimentary basin are 
karstified.
A specific question to be answered in semi-arid en-
vironments is to know whether observed karst has de-
veloped under present conditions or is inherited from 
past humid periods (Jennings 1983). The observed cave 
systems, being mostly inactive or only seasonally ac-
tive, have developed during the Quaternary and pos-
sibly even earlier and it has been established that more 
humid conditions have prevailed during part of this pe-
riod (Durand et al. 2007); these conditions have prob-
ably enhanced karstification processes. However, present 
hydrological observations in the Narji limestone indicate 
active flow in conduits feeding permanent and seasonal 
springs. This strongly suggests ongoing karst develop-
ment and dissolution processes. It is not possible to be 
as assertive for the two other carbonate units because of 
lack of field evidence, however it is likely that dissolution 
processes are equally active since these carbonate aqui-
fers are located in very similar contexts than the Narji 
limestone aquifer.
Combining geological, geomorphological, and cave 
patterns information, it is possible to propose a tentative 
history of karstification for the Narji limestone (Fig. 14) 
which is the unit having the largest accessible cave sys-
tem. In the earlier stage, it is inferred that network maze 
caves have developed in a confined limestone aqui-
fer setting where diffuse infiltration took place across 
result of piezometric surface rise (i.e. overflow) (Tab. 2: 
S5 & S6). The spring S4 is located at higher level in the 
unsaturated zone of the Narji limestone at the floor of 
a surface drainage channel; in this case it may possibly 
drain the epikarst instead of being directly connected 
to the saturated zone. The aquifer is also tapped as wells 
for domestic use and irrigation. In Nossam area, a few 
sinkholes have developed since 2003–2004 with diam-
eter between 2–5 m and depth 2–3 m, partly filled with 
water after monsoon (Fig. 11); some show an increase 
in diameter and depth with time.
KARST FEATURES IN THE KOILKUNTLA 
LIMESTONE
The Koilkuntla limestone has an average thickness of 
90 m and bedding is nearly horizontal; it is underlain by 
Paniam quartzite and overlain by Nandyal shale (Fig. 12). 
The unit is well karstified as observed in quarries and an 
epikarst has developed (Fig. 13). However no caves are 
known possibly because of the absence of hilly terrains 
and the location of the water table close to the surface. 
The soil cover thickness varies from 0.5 to >2 m and con-
tains abundant pisoliths.
The aquifer is intensively exploited for irrigation as 
well as domestic use (Fig. 12). A database of 84 irriga-
tion wells located in the limestone show high average 
discharge of ~9 l/s, (Tab. 3) and a very significant water 
table fluctuation between post-monsoon (average water 
table 12.8 m b.g.s.) and pre-monsoon (average water ta-
ble 26.5 m b.g.s.). In addition to the drop in water table, 
the average specific capacity of the wells decreases sig-
nificantly. This decrease may be partly due to larger head 
differentials which reduces pump discharge and also 
partly due to the desaturation of the upper part of the 
limestone aquifer. For instance, out of all the dataset, 14 
wells have a specific capacity (i.e. the discharge divided 
by the drawdown) higher than 5 l/s/m. For 13 of these 
wells, the static water level (SwL) is <20 m b.g.s., for 8 of 
them the SwL is <11 m. These data suggest a quite high 
permeability in the top 10 m of the limestone, possibly 
corresponding to the epikarst layer.
tab. 3: Statistics of 1-year bimonthly data (abstraction rates (Q), 
static water levels (SWl), pumped water levels) from 84 irriga-
tion wells drilled in the koilkuntla limestone.
Average Stand. Deviation
Coeff. 
Variation N
Qmean [l/s] 9.4 2.6 0.27 84
Qmin [l/s] 7.8 2.1 0.27 84
Qmax [l/s] 11.7 3.9 0.33 84
Po
st
-m
on
so
on
 2
00
5
SWL [m b.g.l] 12.8 8.0 0.63 79
Drawdown [m] 7.7 5.6 0.72 79
Sp. Capacity [l/s/m] 2.8 3.2 1.15 79
Pr
e-
m
on
so
on
 2
00
6 SWL [m b.g.l] 26.5 11.7 0.44 79
Drawdown [m] 8.4 6.1 0.73 79
Sp. Capacity [l/s/m] 1.7 1.6 0.98 79
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Fig. 14: A karstification conceptual model of the Narji limestone: 1) initial phase with development of maze cave system in a confined 
setting; 2) following tectonic uplift, the limestone is progressively exposed to the surface and anastomosic phreatic cave systems develop; 
3) the water table gets progressively lower inducing a lower level of karstification (present state).
quartzite and shale layers similarly to the conceptual 
model of Palmer (1991, 2007). This event is believed to 
be Pre-Pliocene during more humid conditions prior to 
the onset of monsoonal conditions and western Ghats 
uplifting at ~8 Ma. During this period, the sea level was 
more than ~100 m higher than the present level (Haq 
et al. 1987).
The fact that these relict maze caves (Nila Bilam, 
yerra Zari Gabi, Fig. 8) are located near the top of the 
limestone series seems to corroborate this type of devel-
opment. This model requires a significant permeability 
of the quartzite and shale, possibly initiated by the pre-
uplifting compressional forces, so as diffuse infiltration 
can take place. After Early-Pliocene, a eustatic fall in 
sea-level along with the western Ghats denudational re-
bound (uplift and tilting of relief to the east (Radhakrish-
na 1952; Vaidyanadhan 1964) occurred. This event is 
believed to cause structural compartmentalization and 
fragmentation that enhanced denudation rates along 
the Eastern Ghats margin controlled by the structural 
pattern of the resistant rock outcrops viz, Charnokites, 
Cuddapah sandstones and quartzites (Gunnell 1998a). 
The entire instability event caused a ~300m surface uplift 
in the western Ghats (Gunnell & Fleitout 1998), with the 
harder rocks being comparatively more uplifted (Gun-
nell & Louchet 1998) than their softer counterparts.
Following tectonic uplifting, a positive relief favored 
surface runoff and progressive erosion of the quartzite 
and shale which resulted in the exposure of Narji lime-
stone at the earth surface. The uplifting of western Ghats 
and the onset of monsoon (~8 Ma), caused more humid-
ity on the west coast of India, while the entire southern 
India was subjected to a long lasting aridification and de-
veloped characteristics of semi-arid landscapes (Gunnell 
1998b).
Thus, piezometric surfaces readjusted to lower base 
levels, maze cave systems became inactive (relict caves), 
and the limestone aquifer became unconfined. This set-
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ting supported the development of phreatic conduits (e.g. 
Belum cave) fed by sinking streams issued from quartz-
ite hills and diffuse infiltration through the limestone 
plateau. However, the aridification was itself responsible 
for the initiation of seasonal contrasts and more intense 
precipitation regimes (Gunnell 1998a). During rapid and 
frequent sea level fluctuating Quaternary, more humid 
conditions (e.g. Durand et al. 2007) may have promoted 
the incision of deeper cave systems and the development 
of the existing ones. Further erosion of the land surface 
resulted in additional lowering of piezometric surfaces 
and the readjustment of the conduit systems (vadose 
conditions in the upper part of the limestone with asso-
ciated development of canyon type conduits, progressive 
dissolution of a deeper level of phreatic conduits). This 
stage is still ongoing nowadays with an active inacces-
sible conduit network at greater depth and a seasonally 
active vadose flow in the explored caves.
Ford & williams (2007) propose a linear relation-
ship between electrical conductivity (EC) and total hard-
ness (TH). Using this relationship and the average EC 
measured at Kona springs (Tab. 2: S2 & S3), average TH 
is 296 mg/l as CaCO3. For the same spring, the specific 
discharge is estimated to be 0.98 l/s/km2 (or 23.3 mm/a). 
Using Corbel formula (e.g. Ford & williams 2007), the 
denudation rate is therefore 3.7 mm/ka. Even if this data 
should be taken as a crude estimate, it is in the same 
range as denudation rates estimated in arid climatic con-
ditions in Australia (e.g. Stone et al. 1994).
It is proposed to consider these three carbonate 
formations as karstified and undergoing active karstifi-
cation processes. This has an important bearing on the 
hydrological functioning of these aquifers which need to 
be discussed in more detail. Recharge of the limestone 
aquifers occur during the monsoon months (June to No-
vember) only after significant rainfall (average 5–7 re-
charge events per year): runoff on non-carbonated hilly 
terrains (mostly quartzite) is the main source of point 
recharge through swallow-holes located in the lime-
stone plateau near the foothills. Significant runoff is also 
generated within the limestone areas and may recharge 
the aquifer through swallow-holes (as seen near the en-
trance of Belum cave) but also contribute to surface flow 
(a well developed drainage pattern can be observed on 
the limestone/dolomite areas indicating significant sur-
face runoff). Finally some recharge may occur as diffuse 
infiltration through the soil zone and epikarst; this type 
of recharge seem to be quite limited as very few drip flow 
is observed in cave systems even after significant rain 
events.
In the Narji limestone, a large part of the aquifer 
transmissivity occurs as conduit flow feeding karstic 
springs. In the massive part of the limestone, it seems 
that conduits provide the predominant permeability as 
indicated by several dry wells drilled by farmers and 
during the touristic development of Belum cave; in the 
flaggy part of the Narji limestone and in more fractured 
zones (e.g. near the contact with quartzite), additional 
permeability by bedding planes and joints is likely since 
irrigation wells with good sustained flow (average dis-
charge 7–8 l/s) have been implemented.
The permanent springs (Fig. 1: S2, S3, S8, S9 & S10) 
are situated only at the western foothills of the limestone 
plateau, with no such permanent spring existing in the 
nearby eastern foothills where the human activities have 
significantly modified the natural landscape: a high den-
sity of paddy fields irrigated by canal water issued from a 
river/reservoir. Either pre-existing springs are presently 
concealed by theses modifications or a regional flow sys-
tem has developed (i.e. deeper circulation in the Narji 
Limestone to the east) with no local discharge.
In the Koilkuntla limestone, it seems clear that the 
fracture system provide significant permeability because 
of the large number of irrigation wells with moderate 
yields that are observed; the role of conduit flow is un-
clear but probably contributes to the larger yields ob-
served on some wells. Data show that a significant part 
of well discharge is provided by the upper part of the 
limestone aquifer, which is indicative of a higher perme-
ability. This may be partly attributed to the existence of a 
well-developed epikarst layer as suggested by Fig. 13.
The studied karst region presents several character-
istics of karst in arid and semi-arid regions as described 
by Ford & williams 2007. The karstic landscape is less 
developed than in more humid setting with a limited 
number of dolines, preponderance of runoff and evapo-
ration over infiltration, which results in modest spring 
flow and even of a majority of springs being seasonal 
(Tab. 2), predominance of point recharge over diffuse in-
filtration, and a lower density of caves. The specific geo-
logical setting of the studied area with widespread distri-
bution of quartzite hillocks creates favourable conditions 
for karstification: significant runoff generated on the 
hillocks provides aggressive water (i.e. dilute runoff wa-
ter with low pH) which will infiltrate the karst through 
swallow-holes and have a good potential for active lime-
stone dissolution. Diffuse infiltration taking place across 
the CO2-rich soil zone will also contribute to limestone 
dissolution within the underlying epikarst layer. Howev-
er, due to the present climatic conditions combining low 
rainfall with high evaporation rates, diffuse infiltration 
and dissolution fluxes are believed to be quite limited.
Because of the flashy nature of rainfall events (high 
rainfall intensity), a significant part of the generated 
runoff will also remain as surface flow as indicated by 
the surface drainage pattern observed on the limestone 
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CONCLUSIONS
Field observations indicate the extensive karstification of 
the three carbonate formations present within the Cud-
dapah sedimentary basin, namely the Vempalle dolo-
mite, the Narji and Koilkuntla limestone, which together 
cover about 17% of this basin. The karstic nature of these 
formations need to be acknowledged and considered in 
future development/management activities such as civil 
engineering work, water management, land manage-
ment, etc.
A widespread concern in semi-arid regions is the 
scarcity of water resources and the need to have ade-
quate water resource management tools. Due to inten-
sive irrigated agriculture, parts of the limestone aquifers 
of the Cuddapah sedimentary basin are overexploited 
(e.g. Rao et al. 2001). The management tools needed to 
reverse these observed water table declining trends have 
to be based on an adequate understanding of the aquifer 
hydrogeological characteristics (recharge, permeability, 
storage).
Another striking feature of the region is the abun-
dance of quarries either for extraction of construction 
slabs (in Belum area their extent increased from 9.7 km2 
in 1983 to 25.6 km2 in 2010) or for cement factories. 
Their impact on groundwater recharge and balance is 
being assessed in an ongoing project but additional im-
pacts on land surface temperature (Xiao & weng 2007), 
landscape and water quality (Gunn et al. 1993) are ex-
pected to occur.
There is a need for more detailed studies on karsti-
fication and the structure and functioning of these karst 
aquifers. A better understanding of these aquifers is es-
sential for the adequate estimation of groundwater re-
serve, their sustainable exploitation, and also for the 
implementation of management policies aiming at pro-
tecting the quantity and quality of the resource. These 
karst water resources are essential to the local communi-
ties for domestic use and agricultural production.
Dams for irrigation are being built in the region to 
capture runoff from quartzite hills and the impound-
ments are at least partly in contact with karstified rocks; 
in this case, important and unexpected leakage may oc-
cur due to karst permeability.
plateau. As a result, the general morphology has a strong 
fluvial component and the karst morphology is limited 
to specific areas.
Field data suggest the presence of a well-developed 
epikarst in the Narji and Koilkuntla limestone. However, 
its role on the hydrological functioning of the aquifer is 
not clear and it may well not control significantly present 
recharge conditions.
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